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SUMMARY 


A simulation study has been made of a computer- dr awn pictorial display in a 
flight task that included an en route segment, terminal area maneuvering, a final 
approach, a missed approach, and a hold. All these flight segments were performed 
under instrument flight conditions in a typical general aviation aircraft. The pic- 
torial display consists of the drawing of boxes which either move along the desired 
path or are fixed at designated way points. Two boxes may be shown at all times, one 
related to the active way point and the other related to the standby way point* The 
flight plan included a short, curved, descending final approach, similar to the type 
of approach that is made under visual conditions. Ground tracks and vertical pro- 
files of the flights, time histories of the final approach, and pilot comments were 
obtained from nine subjects. 

The results demonstrate the accuracy and consistency with which the en route, 
terminal area, and final approach segments of the flight are executed. The pilot 
comments suggest that the display is easy to learn and easy to use, that it provider, 
good situation awareness, and that it could improve the safety of flight. The pilots 
were critical of the small size of the display, the lack of numerical information on 
pitch, roll, and heading angles, and the lack of definition of the boundaries of the 
conventional glide-slope and localizer areas which are delineated by the saturation 
levels of conventional displays. 


INTRODUCTION 

Instruction books such as reference 1 written for general aviation pilots on the 
subject of instrument flight rule (IFR) flying abound in descriptions of the diffi- 
culty and danger of IFR flight. Chapter after chapter is devoted to techniques for 
properly coordinating aircraft attitudes and displacements, to the difficulty of 
executing intricate terminal area maneuvers such as procedure turns and holding pat- 
terns, and to the dangers of turbulence. Analyses of general aviation accident data, 
such as that presented in reference 2, reveal that many of these accidents occur 
under IFR conditions in the terminal area. One of the contributing causes for these 
accidents is the abstract manner in which conventional instruments display attitude 
and displacement information about the aircraft to the pilot. The variables that the 
pilot must coordinate are displayed separately, each with its own separate needle and 
often its own separate reference point. The difficulty experienced by general avia- 
tion pilots, who often are not proficient in the use of these instruments, may be 
alleviated by providing a more pictorial display, which can be interpreted with 
greater ease than can conventional displays. 

The purpose of this study is to see whether a pictorial display can improve 
situation awareness, pilot-aircraft system dynamic characteriscics, and system per- 
formance* The study examines the use of the computer-drawn three-dimensional pic- 
torial display described in reference 3 in a realistic, complete flight* Reference 3 
presents the performance obtained with the display in steady state tracking tasks* 
Reference 4 presents an early concept of the pictorial display* The present study 
exaunines the use of the display in a flight which involves an en route segment, 
terminal area maneuvering, a final approach, a missed approach, and a hold. Nine 
subjects performed the flights in a fixed-base simulator under IFR conditions* 



The oscillatory period of the pilot-aircraft system is a generalized measure of 
the performance that can be expected from the system. In reference 3, these oscilla- 
tory periods were as low as 10 seconds with the pictorial display. These results can 
be compared with the results presented in reference 5, where the pilot-aircraft sys- 
tem periods with conventional displays were approximately 60 seconds. This compari- 
son sr.ggests that the pictorial display can be used to execute a much tighter flight 
pattern than can be performed with conventional displays. In the present study, the 
pictorial display is used to make an approach pattern that is similar to the one used 
under visual flight conditions, as opposed to the much longer approach used under 
instrument flight conditions with conventional displays. 

Since the precision with which the aircraft must be positioned while en route is 
much less than that required during a final approach, the pictorial display was 
adjusted throughout the flight to suit the different flight segments. Further 
adjustments were made to meet the requirements for terminal area maneuvering and for 
holding patterns. Ground tracks and vertical profiles of the flights, time histories 
of the final approach, and pilot opinions were obtained to determine the suitability 
of the pictorial display. 


SYMBOLS 




h 

i/ jfk 


u, v' w 


Ji ,Ji 

X y z 

P/q^r 


s 






Ui,V.,W. 


V 


X,Y,Z 

x,y,z 

’‘lA'^iA'^iA 


box center position 

gust spectrum transfer functions 

altitude, m 

unit vectors 

scaling factors 

gust characteristic wavelengths, m 

semi lengths of box edges, m 

roll, pitch, and yaw angular rates, rad/sec 

Laplace operator, sec^ ^ 

transformation matrices 

orthogonal random gust components, m/sec 
inertial components of wind velocity, knots 
aircraft velocity, m/sec 
aircraft body-axis system 

way-point coordinates in navigation axis system, n.mi. 
inertial axes 

aircraft inertial position, m 
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a, P 


box inertial position, m 


angle of attack and sideslip, rad 

a ,0 tO gust amplitudes, m/sec 

u V w 

Eulerian angles, rad 
Nondimensional stability derivatives: 


C lift coefficient due to elevator deflection 

e 

C rolling-moment coefficient due to sideslip 

'P 

C yawing moment due to sideslip 

C yawing moment due to aileron deflection 


a 


p 


side- force coefficient due to sideslip 


Abbreviations : 

GDI course deviation indicator 

CRT cathode ray tube 

DME distance measuring equipment 

FTE flight technical error 

HSI horizontal situation indicator 

IFR instrument flight rules 

ILS instrument landing system 

MLS microwave landing system 

PIO pilot-induced oscillations 

RNAV area navigation 

VOR very high frequency omnirange 

Subscripts: 

A aircraft 

B box 
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BA box minus aircraft 

p picture 

V visual 

W window 

Superscripts: 

x,y,z associated with designated axis 


DISPLAY CONCEPT AND DESCRIPTION 

The display consists of a drawing presented on a cathode ray tube (CRT) of a 
three-dimensional box which basically is located on and aligned with the desired 
path, and moves along the path ahead of the aircraft. The pilot's task is to follow 
the box# A typical situation is shown in sketch A. The display can be generated 
from the following parameters: values of - x^^^, y^^ - y^^, and the 

attitude of the aircraft; the attitude of the box; specification of the box size; and 
a selected field of view# The display for the flight situation in sketch A would 
appear as shown in sketch B. 



Sketch A 


DISPLAY FOR 
TYPICAL FLIGHT 
SITUATION 



Sketch B 
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To illustrate the information content of the display, consider the simplified 
lateral situations shown in sketch C. A heading error alone (no displacement error) 
results in the display shown on the left, with the box displaced from the aircraft 
reference symbol* A displacement error alone (no heading error) also causes the box 
to be displaced from the aircraft reference symbol, but with the side of the box 
visible (right side of sketch C). Placing the aircraft reference symbol on the near 
face of the box results in a heading angle that will eliminate the displacement 
error. As the displacement error is reduced, the side of the box disappears. Thus, 
both flight director data and raw displacement data are provided by the display. 



Sketch C 


Selected values of x^^ are used to meet the various control requirements 

for different segments of the flight. The changes in this parameter are discussed in 
detail in the following sections. The algorithm used to draw the display picture is 
presented in appendix A. 


Approach 

For the final approach segment of the flight the orthogonal distances from the 
aircraft to the box are obtained from the instrument landing system in the following 
manners 


y^g - y^^ - K^(Localizer signal) (Range to station) 
^iB “ ^iA " K^( Glide-slope signal) (Range to station) 
" ^^iB * ^iA^ tan(Glide-slope angle) 
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~ ^iA * Selected value 

The localizer and glide-slope signals are the conventional angular landing system 
signals. These signals are multiplied by the range to the station and appropriate 
scaling factors so that a true geometric view of the box can be drawn. In the simu- 
lation, the computed aircraft position and attitude angles were used to generate 
noise-free signals. 

It is assumed that the landing system provides good signals throughout a wide 
field, as is the case with a microwave landing system (MLS). It is therefore possi- 
ble, for example, for an aircraft which is 3 n.mi. from touchdown and 3 n.mi. to the 
side of the localizer to receive the data required to draw the picture. If the air- 
craft is at an altitude that is approximately equal to the height of the glide slope 
and is pointed approximately normal to the localizer, then the box is drawn in view. 
Pointing directly at the box results in the aircraft making a smooth entry onto the 
final approach path. This is the type of approach that was performed in the study. 

The selected value of - x^^ is the dominant factor in determining the 

radius of curvature of the final turn and the precision with which the aircraft 
follows the glide-slope localizer path. A value for - x^j^ of 368 m was used. 

The aircraft model used in the simulation represented an aircraft with an approach 
speed of 100 to 86 knots. With this aircraft and x^g - * 368 m, it was antici- 

pated that the final turn could be made with a maximum bank angle of 20®. It was 
also anticipated that the approach path would be precise enough so that a decision 
height of 30 m could be used. For these reasons the value of 368 m for x^g - 
was selected. 

The complete specifications of the input data to the display algorithm for the 
final approach phase of the flight is as follows; 

Approach 

^iA ^ ^ 

= K^(Localizer signal) (Range to station) 

^iA ~ Kg (Glide-slope signal) (Range to station) 

- 368 tan( Glide-slope angle) 

(|; = 0, = 0, = Glide-slope angle 

B B o 

4#^ » Aircraft heading - Runway heading 

- Aircraft bank angle 
A 

0^ « Aircraft pitch angle 
Box size: 61 m x 30.5 m x 15 m 

Field of view: ±45® 


^iB 

■ 
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En Route 


^or the en route segment of the flight/ called the **long line** segment on the 
display/ area navigation (RNAV) pro'jreua in conjunction with a very high frequency 
omnirange dib^ance measuring equipment (VOR-DNE) station sign>il is used to determine 
the position of uhe aircraft* T^e position of the aircraft relative to the station 
is translated and rotated to provide the position of the aircraft (X/y) relative to 
the selected way point in an axis system aligned with the selected radial to the way 
point* The aircraft lateral error, y^^g - ^iA' thereby determined. The vertical 
error is determined through the use of an altimeter and a selected altitude. Since 
precise positioning of the aircraft is not required en route, but ease of capture and 
following of the box is very important, a value of 4 n.mi. was chosen for - ^iA* 

This value remains in effect until the aircraft is 4 n.mi. from the way point. At 
this point, the distance from the aircraft to the way point is used for x^^ - x^^ 
instead of the fixed 4-n.mi. value. This arrangement makes it easy for the pilot to 
acquire the box and follow it along the en route segment of the flight. As the air- 
craft approaches the way point, the pilot observes a gradual increase in the size of 
the box on the display. 

The coit5>lete specification of the input data for the en route, or long line, 
segment of the flight is as follows: 


En Route 


7400 m 

(When aircraft is more than 4 n.mi. from way point) 

’'iB - ’'iA ' 

x from RNAV progrcwn 

(When aircraft is less than 4 n.mi. from way point) 
y^^g - y^^ = y from RNAV program 
ZiB “ = Aircraft altitude - Selected altitude 




Jb . 0, - 0 


6 = Aircraft heading - Selected bearing to way point 

A 

= Aircraft bank angle 
A 

0, * Aircraft pitch angle 
A 

Box size: 1830 m x 610 m x 244 m 

Field of view: ±45® 


Stationary Box 

The en route and final approach segments of the flight do not, in general, match 
in either altitude, later .1 position, or heading* This adjustment in flight path 
between these two segments is usually not large enough to use the en route program. 

To accommodate these situations, stationary boxes are used* The stationary box forms 
a gate for entry to the next flight segment* 'Hie RNAV program is used to determine 
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the position of the aircraft with respect to the gate in an axis system aligned with 
the direction that the aircraft should move through the gate* Consideration of the 
geometry involved shows that stationary boxes do not provide the same kind of flight 
director (lead) information that the moving boxes do^ and therefore the aircraft 
positioning is not as precise with the stationary boxes as with the moving boxes* 

The complete specification of the 'nput data for stationary boxes is as follows; 


Stationary 

XiB - * X distance from stationary way point 

y^B - y^^ « y distance from stationary way point 
z^B “ * Aircraft altitude - Selected altitude 

‘•'b “ ®B * ° 

=» A.lrcraft heading - Selected heading of box 

(J)^ =* Aircraft bank angle 

0^ = Aircraft pitch angle 

Box size: 915 m x 153 m x 153 m 

Field of vi3w: ±45® 


Two Box Format 

To use these different types of box conf iguratio.i for different flight segments 
requires switching from one box to another. Two boxes are drawn at all times, so 
that a secure transfer from one box to the next can be made* One box is the current 
(active) box, and the second is the next (standby) box. In most instances, the 
standby box is visible along with the active box. Before it is necessary to turn to 
the standby box, time is available to cross-check with the aeronautical chart or 
approach chart, to verify that the standby box is in the expected relative position, 
and to prepare to turn to it* To assist in distinguishing between the two boxes, the 
standby box is drawn with dashed lines in contrast to the solid lines used for the 
active box. 


Holding Pattern 

The availability of two boxes lend itself to providing additional guidance for 
holding patterns. This guidance is obtained by the simple push of a button. When 
the holding pattern is called for, the standby box is drawn 4 n*mi. ahead and 
1*1 n.mi* either right or left of the active box. The standby box then provides 
position information for the outbound leg of the holding pattern* This information 
simplifies entries into the holding pattern and assists in establishing a consistent 
pattern. The specifications for the holding box are completely defined relative to 
the active box, so that the RNAV con^uter can automatically generate the holding box 
whenever the pilot pushes the hold button* 
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The complete specification of the input data for holding patterns is as follows s 


Holding Pattern 

*iB ” *1A ” ^*iB ” ’'iA^ Active way point ” 7400 m 


yiB “ yiA 


” ^iA^ Active way point * ® 

i|^lB ” ^iA^ Active way point “ 2130 m 


*iB ” *1A “ ^*1B ~ *iA^ Active way point 

<Pg *0, 4 >b * 0, 63-0 

<|»^ ■ Aircraft heading - Way-point heading + 130* 
♦ * Aircraft bank angle 

A 

0 ^ ' Aircraft pitch angle 

Box size: Same as active way point 

Field of view: ±45* 


(For hold right) 
(For hold left) 


Ex£unple Flight Plan 

To oxamine how the different display configurations and the switching logic 
would apply to a flight task, an exaunple flight involving all the previously dis- 
cusaed flight segments was devisede This flight plan called for a flight to Norfolk 
International Airport from the northwest with a landing on runway 05 e The approach 
chart used is shown in figure 1e The procedure was to approach way point Sussex on a 
136® radial using the en route display configuration. After arriving at Sussex, a 
sidestep to the right and a change in altitude to Gate 1, a stationary V '>x, was 
called for. By flying through Gate 1, the pilot reached a position from which he 
could acquire the final approach box. A 90® turn was then executed to the final 
approach. A stationary go-around box called Exit was also scheduled to be used if a 
missed approach was required. The go-around box would guide the pilot for a return 
to Sussex where procedures called for a hold until another attempt ac landing could 
be made. The complete flight is illustrated with the panoramic view shown in 
figure 2. 

The RNAV way-point list for this flight was as follows: 

1 . Sussex 

2. Gate 1 

3. Approach 

4. Exit 

At the start of the flight, Sussex was a. r:Lve and Gate 1 standby. An advance button 
was provided in the cockpit for progressii!^* through the way-point list at the pilot's 
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discretion* When the pilot was finished with Sussex, pushing the advance button 
removed Sussex from the computer program, made Gate 1 active, and brou^t up the 
approach box as standby. A message in the lower left corner of the display announced 
which way point was active* Pushing the advance button again made the approach box 
active and Exit standby* The next advance made Exit active, and the progression 
recycled to the beginning of the list to make Sussex standby* Two hold buttons, 
right and left, were also provided for calling for the holding f\lsplay* 

The message presented on the display also showed the type of configuration being 
used (long line, stationary, approach, or hold) in addition to the name of the active 
way point. Also shown on the display was an aircraft reference symbol in the form of 
a cross and horizon line. The aircraft reference symbol was fixed with re^ipect to 
aircraft motion, but was adjustable up and do%m at the pilot's command so that it 
could be matched to the aircraft steady state velocity vector. However, in the pres- 
ent study a cockpit control for this adjustment was not available, and the symbol was 
set to match the steady state velocity vector for the 100 knot clean condition, and 
it remained in that position throughout the flight simulation. 


RNAV Input Data 

To implement this flight plan, the pilot had to insert the following data on 
way-point position, display configuration, and navigation data source in the RNAV 
program* These data are stored in units, called pages (see table I), so that the 
logic for moving from one to the next could be implemented. 


TABI.E I*- RNAV PAGES 




Page 

1 






Way point Sussex 

Receiver 





Frequency 

116.9 MHz 

Type 

Long Line 








X - 0 

y » -4*0 n.rai# 

Z “ 

2000 

ft 

(610 

m) 

<li - 136* 

0-0* 












Page 

2 






Way point Gate 1 

Receiver 





Frequency 

116,9 MHz 

Type 

Stationary 








X » 

.0 n.mi. y ■* -1.0 n.rai* 

z » 

1000 

ft 

(305 

m) 

(l. - 136* 

0 - 0* 












Page 

3 






Way point MLS 

Receiver 

2 




Frequency 

109.1 MHz 

Type 

Approach 






(J; * 46* 

0 - 2lL 



Page 

4 






Way point Exit 

Receiver 





Frequency 

116.9 MHz 

Type 

St«tion/ity 








X » 1. 

* n.mi. y * -1.0 n.rai. 

z « 

1000 

ft 

(305 

m) 

(P - 316* 

0-0* 
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The way-point locations (x,y,z) are given relative to the runway touchdown point 
in an axis system that is aligned with the runway in this study. An input device for 
inserting the data was not available in the simulator^ so these data were inserted as 
a part of the simulator program. The pilots were required to list the data on a 
sheet of paper before the tests started to fix the flight plan in their minds. 

Two photographs of the display, one as the aircraft is leaving Sussex and the 
other as the aircraft is entering the final approach, are shown in figures 3 and 4. 


EXPERIMENTS 

The tests were conducted in a fixed-base cockpit, shown in figure 5, which was 
driven by a large capacity digital computer. Nine subjects took part. Information 
on the subjects, the simulator, the wind inputs used in the tests, and the test pro- 
cedures follows. 


Subjects 

The subjects that took part in the study are listed in table II with some infor- 
mation on their experience. All subjects except 7 are instrument rated (subject 7 
is in the process of obtaining his rating and the ratings of subjects 3 and 5 were 
not current). Subjects 8 and 9 are NASA test pilots. Most of the subjects had no 
previous experience with the display (subjects 7 and 9 took part in the study of 
ref. 3). Three of the subjects had no previous experience with the particular 
simulator used in this study, although all had some previous experience with research 
simulators. 


TABLE II.- SUBJECT PILOTS' EXPERIENCE 


Subject 

Age 

Flight hours 

Current 
IFR rating 

Previous experience 
with display 

Previous experience 
with simulator 

1 


300 

Yes 

No 

Yes 



300 

Yes 

No 

Yes 


45 

360 

No 

No 

Yes 


32 

1200 

Yes 

No 

Yes 


37 

1400 

No 

No 

No 


41 

1600 

Yes 

No 

Yes 


44 


No 

Yes 

Yes 

8 

40 


Yes 

No 

No 

9 

39 

5500 

Yes 

Yes 

No 


The subjects were given a half-hour briefing on the operation and procedures of 
the display system. They were told that with the moving boxes, a smooth correction 
of any position error would result if they placed the aircraft reference symbol on 
the center of the box. For vernier adjustment when the error was small, and in the 
presence of cross winds or longitudinal trim change, it became necessary to adjust 
the aim point slightly. Subjects 2, 3, and 4 were given a short demonstration on the 
use of the display. The rest were given no demonstration. With this brief introduc- 
tion all subjects proceeded to execute the flight. 
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Simulator 


Using six-degree-of- freedom, nonlinear equations of motion, the simulator 
modeled a typical, high wing, four passenger, single engine general aviation air- 
craft. In addition to nonlinear kinematics, the following nonlinear aerodynamic 
factors and other special features were included in the simulation: 

2 

1. Nonlinear lift and drag coefficients were a function of a as well as a* 

2. Nondimensional stability coefficients 

were a function of a. P 6 

e a 

3. Asymmetric forces and moments as a function of thrust coefficient 

were included. 

4. A hydraulic control loader provided control forces as a function of 

aerodynamic hinge moments. 

5. A sound system provided realistic engine and airstream noise. 

The dynamic responses of the simulator model aircraft to step control inputs at two 
airspeeds (135 and 85 knots) are shown in figures 6 and 7. Figure 6(a) shows the 
short-period longitudinal response to a 0.02-rad elevator step input. The response 
is well damped with frequencies of 6 rad/sec at 135 knots and 2 rad/sec at 
85 knots. The phugoid response to an initial out-of-trim angle of attack, 3 ho%m in 
figure 6(b), is stable with periods of 55 and 30 sec. The lateral dynamic response, 
shown in figure 7, is fairly well damped with frequencies of 3 and 2 rad/sec. Fig- 
ure 7 also shows the large effect of the adverse yaw which was included in the air- 
craft model. 

The display was presented on a 7.6 cm x 10.16 cm CRT mounted in the center of 
the instrument panel, as shown in figure 5. Also included in the instrument panel 
were airspeed and altitude indicators, which the pilot had to use. For cross- 
checking, a turn and bank, a rate-of -climb, and a horizontal situation indicator were 
present. A course deviation indicator was present, but was not tuned to the destina- 
tion airport. 

An out-the-window display was also present in the simulator. The display was 
produced by moving a television camera system over a ground terrain model which 
included an airport. The picture that resulted was displayed on a large picture tube 
mounted in the windscreen of the cockpit. This picture had a field of view of i20® 
laterally and +20®, -10® vertically. Further information on this out-the-window 
display is presented in reference 6. Variable meteorological conditions could be 
imposed on the out-the-window picture. In this study a visibility range of 1 n.mi. 
and a ceiling of either 27.5 or 36.6 m above ground was used. The simulator model 
also included landing gear reactions so that a realistic touchdown and roll-out could 
be performed. 


Wind Inputs 

In some of the tests, wind inputs were included. These wind inputs were a com- 
bination of wind shears and random gusts. The random gust inputo had three ortho- 
gonal components - v , u , and w - which were generated using a random number 
generator and filters^basea on the Dryden gust model (ref. 7). The filters were 
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®«‘“> ■ % 

= * r 

u 


1 V 
S + 7= ~ 

f3 L 


G (s) = a 

V V 




^ _L Y 

® \f3 L 


G (s) = a 

w 


■(••y 


The t jale lengths were 

Th 


L = L = 

U V 


44h 


1/3 


(For h > 535 m) 
(For h < 535 m) 


i.^ = h 


The amplitudes of the gust components and a were adjusted so that the 

root mean square of the gusts was either 0.61 or 1.21 m/sec at 535 ra altitude. 


Two different wind shears were used. Each of these wind shears was defined 
throughout the region of flight. The values of the wind velocity components along 
the nominal final approach path are presented in figure 8. The first, which was 
called a nighttime stable condition, was combined with the 0.61 ro/sec random gust. 

The second, which was called a moderate thunderstorm condition, was combined with the 
1.21 ro/sec random gust. 
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Test Procedures 

Each subject made four flights, the first two with no winds, followed by one 
flight with each of the cvro wind conditions. Each flight was started at an altitude 
of 610 m, 1.2 n.mi. to the left of the en route course, with the aircraft trimmed for 
level flight at 100 knots. The first flight was started with the aircraft headed 
230®, which meant that the box for way point Sussex was not in the field of view. 

The pilot had to maneuver the aircraft to find the box. All the rest of the flights 
except for one were started with the aircraft headed at 136®, but 1.2 n.mi. to the 
left cf the desired course, with the en route box in view. 

At the completion of the four flights with the box display, each subject made 
one or two flights with conventional displays for comparison. In these flights the 
pilot flew an 85® radial from a nearby VOR station, using the course uaviation indi- 
cator (GDI), in order to intercept the destination MLS station with a 45® intercept 
angle at a point 3 n.mi. frcxn touchdown. This is not a standard approach, but is one 
that roughly corresponds to the approach flown with the box display. The horizon on 
the CRT was used for an attitude indicator in these flights. 
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The pilot was alone in the simulator during the tests. Tlie experimenter acted 
as an air traffic controller, representing, in turn, departure control, approach 
control, and tower control. Departure control instructed the pilot to proceed as 
filed. Approach control confirmed that the pilot could make a special RNAV approach 
via Sussex and Gate 1. Tower control gave the airport weather and clearance for 
landing and other instructions as required by the tests. All pilot inquiries were 
answered. 


RESULTS 

Related Results From Previous Studies 

As was noted in the Introduction, the pilot-aircraft-display system has a higher 
dominant frequency with the box display than with conventional displays. Figure 9 
further illustrates this point. Shown are the frequency and damping of the dominant 
oscillatory mode of motion of the lateral response. These systems also contain 
higher frequency modes, but they are of only minor consequence in the lateral posi- 
tion output of the systems- The data points are for different sensitivities of the 
displacement signals of the displays. For the conventional displays (as presented on 
either a GDI or a horizontal situation indicator (HSI)), these differences result 
from being at various ranges from the station, and for the box display, they result 
from being at various distances from the box. The data are from references 3 and 
5. Also shown are a few data points obtained from the use of a three-axis attitude 
indicator with cross pointers, taken from references 3 and 8. 

As can be seen from figure 9, the system frequencies with the box display are 
higher than those with the three-axis attitude indicator; and the system frequencies 
with the three-axis indicator are higher than those with conventional displays. This 
progression in system frequency correlates with the degree of integration of the 
signals required for stable control of the aircraft lateral response. In order to 
have good control of lateral displacement, the pilot must also control bank angle and 
heading angle. With conventional displays, these three quantities are displayed in 
separate locations on the instrument panel; with the three-axis indicator, they are 
grouped close together; and with the box display, they are all shown with the one 
symbol. As a result of this integration of information and the resulting high system 
frequency, the box display can be used to execute a much tighter flight pattern 
(involving short segments and sharp turns) than can be performed with conventional 
displays. The present study demonstrates these features of the display. 


Results From Present Study 

A typical ground plot and vertical profile, obtained from the first flight of 
subject 4, is shown in figure 10. The aircraft was initially headed so that the box 
was not in the field of view. The subject initially turned in the wrong direction to 
acquire the box and had to turn 300® to do so. The plot illustrates the system 
response that is to be expected in correcting lateral displacement errors in the en 
route segment of the flight. The altitude profile shows that the desired altitude is 
maintained within 10 m. The ground plot also illustrates the stable acquisition of 
the final approach, with no overshoot in this particular case. On the first final 
approach, the ceiling was set at 27.5 m above ground. The subject flew down to the 
decision height of 30.5 m and performed a missed approach. The subject returned to 
way point Sussex, entered the holding pattern on the outbound leg, and proceeded to 
hold. The second time he was outbound he was given clearance to land, and he pro- 
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ceeded with a second apprursch* During the second approach, the ceiling was set at 
36.6 m, and the subject performed a good touchdown and roll-out. 

Not all subjects were as successful on their first flights as subject 4. Sub- 
ject 5 seemed to have the greatest difficulty in using the display. A ground plot 
and altitude profile of subject 5’s first flight is shown in figure 11. He got 
throu^ Gate 1 in reasonable fashion, until this point in the flight the standby 
box always appeared to be smaller than the active box because the standby box was 
smaller and farther away. When the final approach box became active and Exit became 
standby, both boxes appeared to be the same size, because the Exit box was bigger 
than the final approach box eind was not much farther away. This situation confused 
subject 5 and his first approach was not carried out properly. The subject requested 
a restart when he realized his mistake. His second final approach was completed 
constantly • Since the ceiling was 27.5 m, the pilot performed a missed approach. 

The missed approach involved complex procedures, involving the proper sequencing 
of the advance and hold buttons. Ihe holding pattern procedures were also different 
from normal holding procedures. Position information was presented on the outbound 
leg as well as on the inbound leg, in contrast to the normal situation where position 
information is available only on the inbound leg. Subject 5, as well as subjects 3 , 
7, and 9, had difficulty in adjusting to the increased amount of information avail- 
able with the box display during holding procedures. As can be seen from figure 11, 
subject 5 turned in the wrong direction at the conclusion of his outbound leg. After 
the air traffic controller asked what his intentions were, he corrected his mistake. 
He returned to the holding pattern, was given a clearance to land on his second out- 
bound leg, and completed the approach. 

A ccxnposite of the ground tracks of the first flights of five subjects is shown 
in figure 12. This figure is shown to illustrate the spread in ground tracks 
obtained with different subjects. All of the subjects except for subject 5 were able 
to complete the initial approach in a reasonable manner. All but one observed the 
decision height criterion and performed missed approaches when the ceiling was at 
27.5 m. Subject 6 turned away from Sussex earlier than did the others. All the rest 
of the subjects continued toward Sussex until they were inside the box and then 
turned toward Gate 1. There were some differences in entries into the holding pat- 
tern, but once in the holdxng pattern, all subjects flew very similar patterns. 

The combined ground tracks of the first flights of the three subjects that were 
given a demonstration of the use of the display before their first flight are shown 
in figure 13. The flight patterns for these subjects are consistent, with the great- 
est variations occurring in the transfer from Sussex to Gate 1. In all cases, a very 
stable and precise final approach was executed. 

To examine the final approach more closely, time histories of glide-slope and 
localizer errors for subjects 4 and 5 are presented in figures 14 and 15. The fig- 
ures show that localizer and glide slope are stably acquired and that the errors are 
held to small values. It is felt that subject 4 demonstrated exceptionally good 
control for a pilot who had no previous experience with the display. The 3 n.rai. 
that were allowed for the final approach were more than adequate. The ground tracks 
previously discussed and these time histories show that the display, in conjunction 
with a wide coverage landing system such as an MLS, makes curved descending 
approaches possible. 

Breakout (emergence from cloud ceiling), touchdown, and the lateral boundaries 
of the runway are also shown in figures 14 and 15. The time histories show that the 
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dynaunic response characteristics of the pilot-aircraft system change noticeably after 
breakout when the runway becomes visible to the pilot. 

A composite of the ground tracks for seven subjects on their second flight is 
sho%m in figure 16# These flights were started with the en route box in view, but 
with the aircraft displaced 1.2 n.mi. from the desired radial. The flights also 
container an emergency hold at Gate 1, which was announced by the air traffic con- 
trol ^e^- :3 the pilots made their turn toward Gate 1. The ground tracks in this fig- 
ure il:\j trate the pilot-aircraft system response on the en route segment of the 
fli<fht iearer than the ground tracks for the first flight. The response is very 
stable, but slow. Also shown is the consistency of the holding patterns that can be 
obtaiiec with the display and, again, the precise control of the final approach. 

A composite of flight tracks for all nine subjects made in the presence cf the 
nighttim**- stable wind condition (20 to 25 knots from 050®) are shown in figure 17. 
Su>'>ject f was inadvertently given initial conditions similar to those used in the 
f3rst fl ght. Also, one subject turned away from Sussex sooner than did the others. 
Overall, there is no evidence of steady state error due to the wind. All but sub- 
je?t 7 adjusted the aim point when approaching Sussex and Gate 1 in order to remain 
on *:ourse. These subjects also kept the aircraft symbol on the final approach box 
aftor leaving Gate 1 and made normal turns oato the final approach. Subject 7, who 
did not use these techniques, was moved off course on the base leg by the wind, but 
nevertheless made a turn onto the final approach with no overshoot. 

The ceiling was set at 27.5 m for the initial approach in this flight. Sub- 
jects 7, 8, and 9 descended below decision height and made good landings. The other 
six subjects performed missed approaches and returned to Sussex. Subject 3 entered 
the holding pattern on the inbound leg after performing a misshaped teardrop entry* 
The remaining subjects entered the holding pattern on the outbound leg. They were 
given clearance to land as soon as they were established on the outbound leg, and all 
cut th‘ holding pattern short and proceeded with the second approach. The ceiling 
was sec at 36*6 m fo^ the second attempt, and all made good landings. 

Grour.d tracks for the nine subjects in the presence of the moderate thunderstorm 
wind condition (variable winds up to 35 knots) are shown in figure 18. The ceiling 
in these flights was at 36.6 m. In spite of the severe wind condition, seven of the 
subjects nv:ide good landings. Subject 6 chose to take off again and repeat the 
approach. Two of the subjects, 3 and 5, broke out of the overcast and saw the run- 
way, but wore not satisfied with their alignment and made missed approaches. Sub- 
ject: 3 returred to Sussex, was given a clearance for landing, and made a successful 
landing on his seconc. ttempt. Subject 5 became confused and started toward Gate 1 
after leaving Exit. Wnen he was warned by air traffic control that he was departing 
from course, he rected his mistake and made a good approach and landing after a 
proper held. 

Samplr time histories of glide-slope and localizer errors for the final approach 
with the ioderate thunderr;torm wind condition are presented in figures 19 and 20. 
These icords illustrate the control precision that is exercised in the presence of 
this H^evere wind condition. The subjects did make good landings on the runway. 

To further illustrate the precision of control that is obtained with the box 
display, time* histories of final approaches made with conventional displays are pre- 
sented in figures 21 through 24 for comparison. These runs were made with a 45® 
intercept of the final approach 3 n.mi. from the touchdown joint. The HSI was used 
fee pc'S-i.tion and heading information, and the horizon and aircraft symbol on the CRT 



were used for pitch and roll attitude information. Flights with no winds are shown 
in figures 21 through 23. In these tests, two of the subjects never acquired the 
glide slope (they flew completely through the glide slope) and therefore were unable 
to make an approach. The other subjects did make landings. The approach executed by 
subject 8 (fig. 21) is a very illustrative example of the type of approach made with 
conventional instruments. At the intercept point a very long-period (approximately 
50 sec) lateral response is generated, along with a very slow, asymptotic vertical 
response. As the range to touchdo%m decreases, an instability in the lateral 
response begins to develop. At breakout, the pilot has to contend with a misalign- 
ment in heading. In this case he succeeds in correcting this misalignment and makes 
a landing. Most of the subjects experienced such difficulties. An approach with 
conventional instruments by subject 5, shown in figure 22, is another example. It 
should be noted that subject 5*s instrument rating was not current. Subject 4 per- 
formed the best approach with conventional instruments. His atten^t is shown on 
figure 23, and depicts a stable but slow capture of the approach path. 

Subject 4 also performed an approach with conventional instruments in the pres- 
ence of the moderate thunderstorm wind condition. This run is presented in fig- 
ure 24 and can be compared with figure 19 which shows the results obtained with the 
box display. With the box display, the approach path is acquired well before break- 
out, and no correction is required after breakout. With the conventional display a 
stable steady state condition is never reached, and a correction has to be made after 
breakout. The contrast between the results obtained with the box display and conven- 
tional display illustrates the advantages provided by the higher system frequency 
obtained with the box. 

In addition to the ground plots and time histories, pilot comments were also 
obtained during the study. The answers given by the subjects to specific questions 
are presented in appendix B. 

Because of the limited amount of testing done in this study, the subjects were 
not able to reach a firm conviction related to the accuracy of the control on the 
final approach. However, the time histories show the precision with which the final 
approach was executed. In many instances, the subjects noted that the two-box format 
provided good situation information. Several subjects also noted that very little 
practice was required to reach an acceptable level of performance. The pilots felt 
that the display would increase the safety of single pilot operations. Negative 
comments about the display were related to its small size, the lack of numerical data 
on pitch, roll, and heading angles, and the lack of definition of the size of the 
glide-slope and localizer areas of coverage that are delineated by the saturation 
levels of conventional displays. 

The last point raised in the comments is hardest to resolve. One of the advan- 
tages of the box display is that it provides useful information when the aircraft is 
in a position that would saturate a conventional localizer or glide-slope indicator. 
As a result the subjects noted the good situation information that was provided. 

This factor is also the reason that the box display could take advantage of the wide 
field signal provided 1:^ an MLS system. It would therefore seem to be counterproduc- 
tive to limit the information presented by the box display to be equivalent to con- 
ventional displays* It does seem, though, that some additional information on verti- 
cal error is called for. Since the active band on the glide-slope indicator of a 
conventional display is used to define an area that is guaranteed to be free of 
obstacles, it may be beneficial to include a glide-slope Indicator in the CRT display 
along with the box so that the pilot would be warned if he developed a vertical error 
outside the normal glide-slope indicator range. 
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CONCLUDING REMARKS 


A simulation study has been conducted of instrument flight using a pictorial 
display in an advanced navigation and guidance system* Both en route and terminal 
area tasks were examined* A general aviation class aircraft^r flown by nine different 
pilots, was simulated* The display consisted of a drawing of thr^e-dimensional boxes 
aligned with the desired flight path* The pilot's task was to follow the oryxes* It 
was assumed that the system included a microwave landing system, distance measuring 
equipment, a computer for executing an area navigation program and the algorithms for 
drawing two boxes, a cathode ray tube presenting the pictorial display, and conven- 
tional navigation and aircraft attitude measuring equipment* 

The results show that the parauneters of the display can be adjusted so that the 
display is very easy to use en route, so that terminal area maneuvering can be accom- 
plished with good situation awareness, and so that a short, curved, descending final 
approach can be executed with precise control. A decision height of only 30 m was 
used with no control difficulties. 

The subjects commented that the display was easy to use, that it provided good 
situation awareness, and that it would increase safety of flight for single pilot 
operations. Negative comments were related to the small size of the display, the 
lack of numerical data on pitch, roll, and heading angles, and the lack of warning if 
flight path errors should exceed values that saturate conventional glide-slope and 
localizer indicators* 


Langley Research Center 

National Aeronautics and Space Administration 
Hampton, VA 23665 
January 25, 1982 


18 



APPENDIX A 


DERIVATION OF EQUATIONS FOR DISPLAY ALGORITHM 

The equations used to define the display images of the boxes are presented in 
this appendix. The following development is taken from reference 3# The symbols 
used in this appendix are defined in the main body of this report. 

Imagine that a rectangular box-shaped object is located in space in the vicinity 
of the aircraft as shown in sketch A on page 4. The projection of the object that 
the pilot would see through the window can be mathematically described. This mathe- 
matical description can then be used to form an image on an electronic display device 
which would reproduce the pilot's view. 

The center of the box is located at a position designated by 2 ^^) in 

inertial coordinates. Vectors that define the size of the box are obtained by multi- 
plying semilengths A t and by orthogonal unit vectors i, j/ and k: 


i 

j 

k 


B 

B 

B 



kl 

z 


If the box is at an attitude (j;^, 0 . and to the reference inertial-axis 

system, then the inertial components of the box vectors are 



i (cos 0 cos (p ) 
B B B 


i (cos 0 sin cl; ) 
B B B 


is (-sin e^) 


jg(sin (()g sin 0^ cos - cos sin <J,g) 

jg(sin sin 9^ sin (1;^ + cos 1 ( 1 ^ cos <1;^) 

jgCsin cos 0g) 

k„(cos sin 0„ cos ({;_ + sin ^ sin 4^ ) 

B B B B DO 

k_(cos sin 9 sin (\> - sin A cos 4# ) 

B B B B B B 

k_(co8 A cos 0^) 

B ^B B 
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where the superscripts x, y, and z identify the components of the vectors* Thet^e 
nine vector components are the quantities needed to draw the box when the aircraft is 
on and aligned with the desired path and the box is at an angle to the path. The 
steps that are needed to account for the aircraft attitudes and displacements from 
the desired path are now given. 

The transformation matrix which converts vectors from inertial coordinates to 
aircraft body -fixed coordinates is 
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Multiplying the vector difference between the box location and the aircraft location 
by the transformation matrix gives the location of the box in aircraft 

coordinates ; 




*iB ■ ’'iA 

^BA 

II 

> 

ViB - yiA 

*BA 


*iB “ ^iA 


Multiplying the box specification vectors by the transformation matrix T^ gives 
these vectors in aircraft coordinates 


'■A = ’’aH 


’a = ’^A^i 




In order to obtain the correct aspect of the display image of the box, the vec- 
tors i^, j^, and must be transformed to a visual coordinate system which is 

aligned v/ith the pilot’s line of sight (see fig. A1 ) . The transformation matrix from 
aircraft coordinates to visual coordinates is 
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Multiplying the vectors i^/ and by the matrix gives the box specifi- 

cation vectors in visual coordinates: 


:iv = '^v^A 


Consider a flat rectangular window in the aircraft cockpit located so that the 
vector from the pilot’s eye to the center of the window is parallel with the aircraft 
X-axis as shown in figure A2* The distance from the pilot to the window is x^. 

Frcwn simple geometric relo^tions, a point in space as seen by the pilot jan be pro- 
jected to a point on the window that is the intersection of the pilot’s line of sight 
with the window. The center of the box, which is located at air- 

craft coordinates, projects to the point 



in window coordinates. 

The line of sight to the center of the box is aligned with ^.he visual X-axis. 
The calculations to project the visible edges of the box to the window are performed 
relative to the projection of the center of the box with no corrections for the 
changing distance from the pilo^; that is the parallel edges of the box project par- 
allel to and have twice the length of the projections of the vectors iy, j^, and 
ky. ' The projections of the vectors iy, jy, and ky relative to the center of the 
box are 
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Of the six surfaces of the box, only three are visible to the pilot. There- 
fore, only 9 of the 12 edges of the box are projected onto the window. The vectors 
i^, j^, and each point to the center of one of the surfaces as shown in fig- 

ure A3(a). Also, the vectors -i^^z -j^, and -k^ each point to the center of one 
of the remaining surfaces. Since the box is symmetric about each axis, an altered 
set of specification vectors may be defined as 



(ij < 0) 
(ij > 0) 



< 3 ^ < 
(jj> 0) 



(kj < 0) 
(kj > 0) 


The altered set of specification vectors i / j , and k^ each point to one of the 
visible sides of the box, as shown in figure A3(o). 


The projections of each of the nine visible edges may be defined by specifying 
an origin and a vector (direction and length) as givon in the following table: 


22 



APPENDIX A 


Line I 

Vector 

Origin 

1 
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^2 “ C + ip - jp + kp 
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7 

“2i^ 
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8 

-2^P 

C 3 =» C + ip + 

9 

2k„ 



P 



Although the he x may be specified as rectangular, at some orientations the image 
may be confusing and difficult to interpret. In order to alleviate this problem, a 
rectangle is dravm on the end face (the face perpendicular to the vector i ), as is 
shown in figure A4. The lengths of the edges of this rectangle are chosen to be a 
fraction f of the lengths of the edges or the end of the box. The rectangle is 
defined by an origin and a vector for each side as given in the following table: 
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10 
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^4 - ^p - ^^p ^ ^’'p 

11 



12 
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Window 

Y-axis 



Window 

Y-axis 



( b) Altered specification vectors 
Figure A3.- Box drawing diagram. 
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Window Y-axis 



Figure A4.- End-face figure 
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PILOT ANSWERS TO QUESTIONNAIRE 

This appendix presents the responses of the subject pilot to several questions 
concerning the display system used in this study. A questionnaire was given to each 
pilot after he had consisted his simulated flights. Each question is presented below 
followed by the responses of all nine subject pilots. 

1. Did you have enough time to become stabilized on the glide-slope localizer while 

using the box display? 

Subject 4: Yes. 

Subject 5: I think so, but I seemed too busy tracking the heading in order to 

really evaluate this. 

Subject 8: Yes. 

Subject 5: Yes, I had enough time to become stabilized (i.e., a steady state 

oscillation) • 

Subject 9: Yes. 

Subject 1: Yes, for* most cases. On one approach I got above the glide-slope and 

captured it [at] only about 300 feet altitude. Box not very precise 
in glide slope and sometimes seemed to disagree with HSI glide- 
slope indicator. HSI glide slope had to be included in scan. 

Subject 7: Yes. 

Sxibject 6: Yes, although I overshot the localizer every time. And I felt I 

needed more altitude cues. 

Subject 2: Yes. However may runs were essentially for a zero cross-wind condition 

and I don't know what control technique is required or what my 
performance would be in a cross-wind condicion. For this task I 
ignored secondary instruments which I would need for cross-wind 
conditions and hence ny work load was less than normal. 

2. Did you feel confident about your ability to touchdown when using the box display? 

Subject 4: I only used the box display to the decision height* The touchdo%m 

and flare were visual. I felt confident to decision -height. 

Subject 5: Not initially, but after the third approach I gained some confidence 

and ability. 

Subject 8: Yes. 

Subject 3: No. This may have come with more practice. I did not go from instru- 
ment flight to visual flight enough times to relate in my mind how 
far off course [I was] on the box display [to] how far off course 
[I was] in "real world*” 
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Subject 9: I had good confidence to breakout. Used outside scene for reference 

during flare and touchdown. 

Subject 1: In later stages of approach, I felt more confident about lateral 

situation but less confident with vertical situation with box alone. 
Had to include HSI glide slope in scan. 


Subject 7: Yes. 

Subject 6: I didn't use the box for ^ oowii. 


Subject 2: I felt good about ir^ location relative to the runway at breakout, but 

the landing scene and aural cues do not identify the occurrence of 
touchdown. 


3. Please make specific comments on the box display. What are its best features? 

Its worst? 

Subject 4: Best features: 

• Good 3-D picture of current position relative to way point 

• Seemed to make coordinated maneuvers (such as climbing turns) 

easier than using HSI and altimeter to get back on profile 
and path simultaneously 

• Reduced scanning requirements 

• Was easier to understand and to fly 

Worst features: 

• Determining relative position was a strain at long range due to 

small box size 

• Exact paths to intercept inbound course to next box are not shown 

and therefore will be variable between runs and pilots. 

Wouldn't work well in the real world where obstruction clear- 
ance, etc. , get involved in determining airspace requirements 

• Takes slightly longer [I think] to reacquire your relative 

position to the box after looking away, compared getting the 
info frcxn an HSI. This would be more of a problem if there were 
landing checklists and other distractions in the cockpit. 

Subject 5: Bigger lettering and a better quality CRT is needed, i.e., blurring of 

boxes caused much confusion. The worst feature is not so much a 
problem with [the] boxes themselves as it is understanding what is 
really meant by the stationary /moving boxes. More education is 
needed before flying this simulation. No pilot in his right mind 
would even attempt an approach using this setup without first get- 
ting checked out with safety pilot. The best feature (after con- 
siderable thought) is the fact that the task could be performed 
without aircraft attitude info (pitch, roll, heading, altitude). 

This info is very desirable however. Because of prior basic train- 
ing, every pilot wants to know his aircraft attitude, which in 
reality, may be unnecessary if one can do the task safely. The 
boxes really provide the altitude guidance needed with little 
reference to the altimeter. Nice! 


It 
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Subject 8: Best features: 

• It gives you easy-to-follow guidance to the next way point, 

including altitude information (assuming you are within ±45® 
of the proper direction) 

• The 3-D perspective gives you some idea of your desire^i approach 

angle to the way point, but is lacking in some respects (see 
discussion below) 

• Th second box gives pretty good cues to prepare you for the 

direction to turn and whether to climb or descend at the next 
way point 

• The holding display is very good, but may have some practical 

implementation problems. 

Worst features: 

• It*s too small! You need a bigger CRT to get the proper size and 

resolution for efficient pilot use. I found nyself leaning for- 
ward to see the box; it's hard on the eyes. 

• Resolution is sometimes not good enough to determine box orien- 

tation. 

• Cluttering is a problem around the center of the screen whenever 

the box is fairly small. The box, horizon line, and (+) symbol 
all run together. 

• Although the box provides some information regarding your position 

relative to the desired track, drift angle information (wind 
effects) are not shown as well as conventional displays using 
GDI or HSI. 

• If you don't have the box in sight, there are no cues to turn in 

the proper direction to find it. This can be a serious problem. 

• The absence of roll and pitch angle indices means it is unsatis- 

factory for general purpose use. 

• Skewing of the lines making up the box sometimes occurs, making 

assessment of the box orientation difficult. 

Subject 3: Best feature: Small amount of instruction allows pilot to use 

display for successful IFR approach 

Worst feature; Display needs a way to inform the pilot of off-course 
limits during the ILS approach (such as needle going off scale on 
glide-slope indicator) • 

Subject 9: Best feature: Good command indicator of glide-slope/localizer. 

Worst fe. ^ure: Display flicker was very bad. Display too small. 

Aircraft longitudinal axis cross got lost in clutter. 

Subject 1: Lines in drawing too small; same for printed messages. Could not 

tell with the box when I was within 10® of course line or 2.5® of 
localizer to begin descent. Also descents after fixes are not 
supposed to commence until the fix is past. The switching system 
used would have permitted the pilot to begin the descent 1 or 2 or 
more miles prior to the fix depending on when the switch was made. 
Should have distance-to-f ix shovm below the box. There is a poor 
feature of the display in that guidance information can be totally 
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lost by changing heading more than 45®. This would be especially 
bad in a situation where a wind correction angle of 30® or so was 
required. 

Provided much better indication of orientation to ILS while on 
downwind/base than HSI. 

Subject 7: There is a definite learning curve in using the box. 

Subject 6: The boxes seem to provide good lateral cues unless the intercept 

angle is large. I don't feel comfortable with respect to the 
desired altitude I should be maintaining or approaching. In a real 
airplane I would feel nervous about the proximity of the ground on 
an ILS approach. Small changes in perspective translate to relc.- 
tively large altxtude variations. I had no idea what level of 
altitude error would requxrc the execution of a missed approach 
while on final approach, for example. 

Subject 2; I believe the work load might be less in a cross-*wind instrument land- 
ing. Also it circumvents the variable sensitivity problem associ- 
ated with standard ILS. 

As indicated in answer 1, the utility of the box in a cross-wind land- 
ing needs to be evaluated before its merits can be established. The 
display should have graduated scales for bank angle and pitch alti- ^ 

tude* As control variables, the pilot needs numerical measures of ? 

these states for precise trajectory control and safety. The box 
display seems comparable to flight director instruments and should 
be evaluated relative to such systems. ) 

Some type of performance tolerances are needed on the display to indi- 
cate to the pilot when a missed approach should be execut d. What 
I have in mind are glide-slope tolerances. 

4. Please compare using box display with the HSI for the type of close-in approach 
performed in the test. 

Subject 4: I feel like the HJI allowed more precise tracking than the box dis- 

play (the data will tell) but the box was easier to fly. Again, I 
feel like getting back on path and profile simultaneously is easier 
with the box, but judging when you are just a little off is more 
difficult than with HSI with glide slope. Cross winds seemed to be 
about equally difficult with both techniques. 

Subject 5: I can't really answer this question fairly as I haven't flown an HSI 

on an instrument approach in quite a while. Aircraft I've flown 
recently have separate heading and VOR repeaters. 

Subject 8: Given all the adverse features mentioned above, and assuming they 

could be corrected, perhaps some con^arison can be made. However, 
a more appropriate comparison should even then probably be drawn 
between the box and a conventional flight direct system (you didn't 
have the FD). I say this because your box display assumes some 
fairly sophisti ed avionics and should therefore be e}q>ected to 
compete with fairly sophisticated avionics (such as an FD system). 

With all that in mind, I feel that a good RNAV flight director system 
would probably result in as good performance as you will get with 
the box system. However, if some of the deficiencies of the box 
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Subject 3: 
Subject 9: 

Subject 1 : 

Subject 7: 

Subject 6: 
Subject 2: 

5, Do you feel 
aircraft 

Subject 4: 


Subject 5: 
Subject 8: 


system are corrected, I really do like the feeling of space orien- 
tation that it gives you and which is missing from a flight direc- 
tor system* Ihat is, you feel like you know where you are rela- 
tive to where you are going and that is very satisfying. 

I have not had enough experience with HSI to make con^arisons. 

Box is gooa command display. HSI provides better situation 
information. 

I felt that the box display provided a good picture of the situation 
and would reduce over control ling and PIO’s but was not as sensi- 
tive (accurate?) as the HSI* Could easily be dangerously below the 
glide slope at decision height and not realize it from the box. 

Hhe box is better for gross errors. The HSI is better for very small 
errors. 

Didn't fly the HSI. 

I cun not able to make such a comparison without additional familiari- 
zation runs with the HSI. An HSI is not a standard instrument for 
single-engine, single owner GA aircraft. 

that a box display would increase utilization and safety of the 
you fly? 

Increase utilization? No. I don't think the box display would allow 
me to fly in conditions I cannot currently fly with HSI. Remember, 
for most general aviation pilots a CDI is still standard, with HSI 
being a luxury, and even GDI's get you to 200 feet decision height. 

Increase safety? Not sure. The box seemed easier to fly, but I'm not 
sure how my tracking accuracy was affected. I think more time is 
needed to get further up on the learning curve with the box before 
I could make a judgment. 

Don't give up - it's not a bad idea. I think most of the problems 
would be in getting something like the box display implemented. It 
would require a fairly sophisticated onboard computer and display 
and extensive tests to assure FTE is within currently allowed 
bounds . 

I think it would possibly increase safety, but as far as utilization 
is concerned I'm not so sure. Utilization of GA aircraft depends 
on things such as anti-icing equiixnent and aircraft reliability. 

I know personally that there have been many times when I chose not 
to fly due to low icing levels. This is commonly referred to as 
being "chicken" for longevity reasons* 

The overall simulation is most realistic and I thank you for your 
time. 

Not with all the limitations it presently has. However, it is a good 
concept and should be developed further. With further development 
and testing it might well be shown to increase safety of flight, 
especially in a single pilot IFR environment. 
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APPENDIX B 


Subject 3: Yes# I think the box display could increase the safety of aircraft 

I fly. 


Subject 9; No. 

Subject 1: No, I would feel as comfortable flying to a 200-foot decision height 

with the HSI as with the box. 

Subject 7: No. However I believe with experience flying the box, I would feel 

more comfortable with it. 

Subject 6: Not as simulated because of reasons stated under [question] 3. 

Subject 2: I don't see that the box would influence utilization (cost would 

probably preclude its widespread use), but in application it might 
increase safety. However# a flight director system would probably 
provide equivalent performance and benefits. 
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Figure 1.- Approach chart used in study. 
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Figure 2.-" Flight task 
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Figure 3.* Leaving Sussex and turning to Gate 1. 
(Aircraft is 60 m above desired path.) 
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Figure 4.- Entering final approach. 
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Figure 5.- Instrument panel of simulator- 
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(a) Short-period longitudinal response to a 0.02-rad elevator step input. 
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(b) Phugoid response to an initial out-of-trim a. 
Figure 6.- Longitudinal response of al craft. 
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Figure 19.- Time histories of final approach during fourth flight by subject 4 
with moderate thunderstorm wind condition. 
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Figure 20*- Time histories of final approach during fourth flight by subject 5 
with moderate thunderstorm wind condition* 
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Figure 21.- Time histories of final approach using conventional HSI by 

subject 8. No winds. 


Glider'slope 











